Objective Ultrasound assessment of the relationship between the ectopic gestational sac and the endometrial line (cross-over sign; COS) 
INTRODUCTION
Advances in prenatal imaging have led to an increase in the diagnosis of Cesarean scar pregnancy (CSP) 1, 2 . Although the most likely clinical outcome of CSP is severe hemorrhage requiring prompt surgical intervention, a proportion of CSP cases may evolve to develop abnormally invasive placenta (AIP) 3, 4 . The association between CSP and AIP poses the prognostic dilemma of how women with a prenatal diagnosis of CSP should be counseled and whether termination of pregnancy should be the only therapeutic option offered to them. Although evolution towards early severe hemorrhage or uterine rupture may seem the most likely scenario, the reported association with AIP raises questions about the proportion of CSPs progressing to viable birth and how to identify cases that will have a successful pregnancy outcome and are amenable to postnatal treatment [3] [4] [5] [6] [7] [8] . Furthermore, there is no reliable ultrasound marker to predict those CSPs that will require first-trimester termination of pregnancy and those progressing towards AIP.
Recently, a new ultrasound marker, the cross-over sign (COS), has been suggested as having the potential to stratify women with CSP according to likely severity of AIP ( Figure S1 ). Women with COS-1 were shown to be at higher risk of developing placenta percreta while those with COS-2 were more likely to be affected by less severe types of AIP, such as placenta accreta 9 .
However, evidence for whether first-trimester ultrasound can identify women affected by AIP who are at higher risk of intra-and postsurgical complications is still lacking. This is fundamental, because the universally accepted pathological classification of AIP, based upon the degree of placental invasion, is not always related to surgical outcome, and therefore there is a need for objective and reproducible ultrasound markers able to provide an early stratification of the obstetric risk from as early as in the first trimester of pregnancy 10 . The aim of this study was to ascertain whether assessment of COS during first-trimester ultrasound can predict surgical outcome in women with AIP.
METHODS
This was a retrospective study of women with AIP referred to our center between January 2007 and December 2015, identified from the electronic database of the fetal medicine unit. Delivery details were retrieved from the hospital's maternity records. Operative notes were checked for details of operative findings and interventions performed.
Early first-trimester ultrasound images from 6-8 weeks' gestation were retrieved from the computerized database of each referring hospital. All stored images showed the gestational sac or trophoblast within a Cesarean section scar and thus were labeled as CSP 1, 2 . Other ultrasound criteria used to confirm the diagnosis were the following: visualization of an empty uterine cavity as well as an empty endocervical canal, closed and empty cervical canal, presence of embryonic/fetal pole and/or yolk sac with or without heart activity and presence of a prominent and, at times, rich vascular pattern at or in the area of a scar in the presence of a positive pregnancy test.
Assessment of COS was carried out as reported previously 9 . Briefly, in a sagittal view of the uterus, a straight longitudinal line was drawn connecting the internal cervical os and the uterine fundus through the endometrium (endometrial line) ( Figure S1 ). Then, the gestational sac was identified and its superior-inferior (S-I) diameter perpendicular to the endometrial line was traced. According to the relationship between the endometrial line and the S-I diameter of the ectopic sac, patients were categorized into two groups: (1) COS-1 insertion, in which the gestational sac was implanted within the CS and at least two-thirds of the S-I diameter of the gestational sac was above the endometrial line towards the anterior uterine wall; and (2) COS-2 insertion, in which the gestational sac was implanted within the CS and less than two-thirds of the S-I diameter of the gestational sac was above the endometrial line. Cases in the latter group were further divided into two categories according to the presence (COS-2+) or absence (COS-2-) of an intersection between the S-I diameter of the ectopic gestational sac and the endometrial line ( Figures S1 and S2 ).
All images were analyzed independently by two examiners, who were blinded to pregnancy outcome and pathology reports, and labeled according to COS insertion.
Final diagnosis of the type of AIP was made after surgery and hysterectomy, based on pathological examination of the removed uterus. A diagnosis of placenta accreta was made when anchoring placental villi were attached to the myometrium, rather than the decidua, but without invading it completely. Placenta increta was diagnosed when chorionic villi penetrated the myometrium, while a diagnosis of placenta percreta was made when chorionic villi penetrated through the myometrium to the uterine serosa or adjacent organs 10 . The hypothesis that assessment of COS during the early first trimester of pregnancy may help in stratifying those women affected by AIP with higher risk of intra-or postsurgical complications was tested. Outcomes explored were: estimated blood loss during surgery, need for and amount of packed red blood cells and fresh frozen plasma units required either during or after surgery, operative time, intrasurgical complications, gestational age at birth, delivery at < 34 weeks of gestation, length of hospital stay and maternal admission to intensive care unit. Estimated blood loss was quantified using the volume of suction containers and weight of swabs. Criteria used for blood transfusion were hemoglobin < 6 g/dL, irrespective of the condition of the patient, or, in the case of hemoglobin between 6 and 10 g/dL, unstable clinical conditions, such active bleeding, abnormal maternal cardiovascular parameters (heart rate, blood pressure) and clotting tests 11, 12 . Differences for the explored outcomes were assessed between women with different types of COS variant (COS-1 vs COS-2+; COS-1 vs COS-2-; COS-2+ vs COS-2-) as observed on the 6-8-week ultrasound scan.
After prenatal diagnosis of AIP, parents were counseled regarding the severity of their clinical condition, treatment options and related risk. The delivery date was decided on a case-by-case basis, following multidisciplinary counseling, based on contractile activity, severe uterine bleeding, incidence of pre-eclampsia and diagnosis of bladder infiltration on ultrasound. In general, women with severe types of AIP, such as placenta percreta, were delivered at around 34 weeks of gestation, and those with a less severe variant at 36 weeks. Antenatal corticosteroids were administered routinely before delivery, if not earlier. All cases of AIP included in this study were treated with Cesarean hysterectomy and preoperative temporary occlusion of internal iliac arteries with a balloon catheter and insertion of a ureteral stent. The multidisciplinary team, including surgeons, anesthesiologists, interventional radiologists and nurses, was the same for all included cases. Study groups were compared using Student's t-test for normally distributed continuous variables or the Mann-Whitney U-test for non-normally distributed continuous variables, and the chi-square or Fisher's exact test (for expected cell size < 5) for dichotomous variables. Statistical analysis was performed using StatsDirect statistical software 2013 (StatsDirect Ltd, Altrincham, UK). Statistical significance was set at P < 0.05 and all P-values were two-tailed. STROBE guidelines were followed 13 .
RESULTS
During the study period, 102 women with a prenatal diagnosis of AIP confirmed at histopathological examination were referred to our center. Early first-trimester ultrasound images were retrieved from the local computerized databases in 68 cases. Twelve cases showed COS-1, 39 COS 2+ and 17 COS-2-. There was full agreement between the two researchers in the labeling of all CSP images with regard to the type of COS. At histopathological analysis, 34 cases were diagnosed with placenta percreta, 13 with placenta increta and 21 with placenta accreta. General characteristics of the women included in the study are reported in Table 1 . The three groups did not show any significant difference with respect to maternal age, parity and number of previous Cesarean sections.
Mean estimated blood loss was higher in AIP pregnancies with COS-1 than in those with either COS-2+ (P = 0.039) or COS-2− (P = 0.01) ( Table 2 ). Mean number of packed red blood cell units required during or after the operation was significantly higher in women with COS-1 compared with those with COS-2+ (P = 0.001) and COS-2− (P = 0.029), while there was no difference between women with COS-2+ and those with COS-2− (P = 0.797) with respect to this variable. Mean number of fresh frozen plasma units required, either during or after surgery, tended to be higher in cases with COS-1 than in Table 1 General characteristics of 68 women with abnormally invasive placenta (AIP) according to type of cross-over sign (COS) seen on first-trimester ultrasound examination women with COS-2+ or COS-2-, although this difference did not reach statistical significance (P = 0.187 and P = 0.224, respectively). Mean operative time was longer in AIP pregnancies with COS-1 compared with those with COS-2+ (P = 0.039) or COS-2− (P = 0.017), while there was no difference between cases with COS-2+ and those with COS-2-(P = 0.360). Intraoperative complications, such as inadvertent injury to the urinary bladder, occurred in eight women, with no difference among COS categories. Data are given as median ± SD or n (%). COS-1, gestational sac implanted within previous Cesarean scar (CS) with at least two-thirds of superior-inferior (S-I) diameter of sac above endometrial line, towards anterior uterine wall; COS-2, gestational sac implanted within previous CS and less than two-thirds of S-I diameter of sac above endometrial line, with (COS-2+) or without (COS-2-) intersection between S-I diameter of gestational sac and endometrial line. EBL, estimated blood loss during surgery; FFP, fresh frozen plasma units required during or after surgery; GA, gestational age; ICU, intensive care unit; PRBC, packed red blood cells required during or after surgery.
Pregnancies with COS-1 were delivered earlier than those with either COS-2+ (P = 0.0001) or COS-2− (P = 0.0001); furthermore, earlier gestational age at birth was observed in pregnancies with COS-2+ than in those with COS-2-(P = 0.01). The rate of iatrogenic preterm birth at < 34 weeks' gestation was higher in pregnancies with COS-1 on first-trimester ultrasound than those with COS-2+ (P = 0.0001) or COS-2− (P = 0.0001), while there was no difference between cases with COS-2+ and those with COS-2-. There was no difference in the length of hospital stay between pregnancies with COS-1 compared with those with either COS-2+ (P = 0.885) or COS-2− (P = 0.347), and between pregnancies with COS-2+ and those with COS-2− (P = 0.402). Finally, none of the women who underwent surgery was admitted to an intensive care unit.
DISCUSSION
The findings of this study show that assessment of the relationship between the ectopic gestational sac, Cesarean scar and anterior uterine wall (COS) may predict the surgical outcome of women presenting with AIP. Mean estimated blood loss and packed red blood cell units required during or after surgery were higher in AIP pregnancies with COS-1 compared with those with COS-2+ or COS-2-. Likewise, mean operative time was longer in AIP pregnancies with COS-1 compared with those with COS-2+ or COS-2−; and women with COS-1 were more likely to be delivered earlier than those with COS-2+ or COS-2− .
Advances in prenatal imaging have led to an increased prevalence of cases diagnosed with CSP. First-trimester diagnosis of CSP is critical since many CSPs are misdiagnosed as threatened miscarriage, miscarriage or simply intrauterine pregnancy 1, 2 . Such misdiagnoses may lead to curettage for presumed failed pregnancy, which may result in profuse bleeding and emergency surgical interventions.
The association between CSP and AIP suggested recently poses the dilemma of whether termination of pregnancy should be the only therapeutic option offered to women with a first-trimester diagnosis of CSP. We have previously shown that assessment of COS can be used to predict the evolution of CSP towards the most severe variants of AIP, such as placenta percreta 9 . AIP disorders are usually classified according to the degree of placental invasion 10 . However, this classification is retrospective and not always useful in clinical practice. Sectors showing different degrees of placental invasion can coexist in the same patient, thus leading to discrepancy between observations during surgery and the final pathological diagnosis. The likelihood of intraor postsurgical complications is strictly dependent upon the extent and location, rather than depth, of placental invasion. Extensive invasion in the upper uterine segments may be relatively easy to manage at surgery whereas even focal invasion in the inferior part of the lower uterine segment may lead to a higher burden of intra-and postsurgical complications 14 .
Assessment of the topography of placental invasion is therefore fundamental and constitutes the optimal approach to identify women at higher risk of intrasurgical complications, thus allowing tailoring of the optimal surgical strategy 14 . Anatomical description of the area invaded by the placenta is usually provided by fetal magnetic resonance imaging, although ultrasound has been suggested recently to have the potential to define the topography of vascular invasion. This evaluation is usually accomplished by obtaining sagittal images and dividing the area of anterior placental invasion into two sections delimited by a plane perpendicular to the upper bladder axis and the bordering uterine sector 14 .
In the present study, we showed that assessment of COS in the first trimester may help in stratifying women at higher risk for intra-and postoperative complications. This is important because surgical outcome of women with AIP is mainly dependent upon the extent and location of AIP and can differ significantly even between cases showing the same depth of invasion. When counseling parents with a first-trimester diagnosis of CSP, providing an objective estimation of the risk of progression towards severe types of AIP, but also of the potential difficulties at surgery, would help them make a conscious decision about the future of their pregnancy.
Our study showed that women affected by AIP showing COS-1 insertion on first-trimester ultrasound were more likely to deliver earlier than women with COS-2. There is no randomized controlled trial assessing the optimal time of delivery in women with AIP; cases affected by severe types of invasive placental disorders, such as placenta percreta, are usually delivered earlier in order to reduce the risk of uterine rupture and severe hemorrhage. In the present series, the earlier gestational age at birth observed in women with COS-1 insertion was related to the higher prevalence of placenta percreta in this subgroup of women.
Strengths of this study include the fact that all cases were managed according to an established protocol for AIP, which included serial scans from early pregnancy and remained unchanged during the study period, and that all women were operated on by a single surgeon with decades of experience in managing AIP disorders, thus considerably reducing the heterogeneity in the outcome measures explored. The small number of included cases and the retrospective design of the study are the main weaknesses of this series. In addition, the study included only women with CSP progressing through the second and third trimesters and does not address how to identify cases with CSP that will need intervention during the first or early second trimester of pregnancy. Finally, all cases were operated on by the same team, thus reducing the external validity of the reported findings.
Large multicenter studies looking prospectively at women with Cesarean section from the early first trimester onwards are needed in order to ascertain the role of COS in identifying women affected by AIP at higher risk of adverse intra-and postsurgical outcome.
Predicción en el primer trimestre del resultado quirúrgico en placenta invasiva mediante el uso del «signo del lazo» RESUMEN Objetivo La evaluación ecográfica de la relación entre el saco gestacional ectópico y la línea endometrial («signo del lazo»; COS, por sus siglas en inglés) en el embarazo sobre cicatriz de cesárea (CSP por sus siglas en inglés) ha demostrado serútil para predecir el desarrollo del CSP hacia diferentes tipos de placenta invasiva (AIP, por sus siglas en inglés). El objetivo de este estudio fue determinar si se puede utilizar el COS para predecir el resultado quirúrgico en mujeres con AIP.
Métodos Se realizó un análisis retrospectivo de imágenes ecográficas precoces del primer trimestre (6-8 semanas de gestación) en mujeres con AIP tratadas en el tercer trimestre del embarazo. La hipótesis establecida fue que mediante la evaluación del COS se puede identificar casos de AIP con mayor riesgo de morbilidad intra o posquirúrgica. Los resultados que se examinaron fueron la pérdida estimada de sangre durante la cirugía, la necesidad y la cantidad de unidades de concentrado de hematíes y de plasma fresco congelado requeridas durante o después de la cirugía, la duración de la intervención quirúrgica, las complicaciones intraquirúrgicas, la edad gestacional al nacer, el parto con <34 semanas de gestación, el período de hospitalización y la admisión en la unidad de cuidados intensivos. Se evaluaron las diferencias en los resultados examinados entre las mujeres con diferentes tipos de las variantes del COS (COS-1, COS-2+ o COS-2-), a partir de las observaciones de la ecografía del primer trimestre.
Resultados En el estudio se incluyeron sesenta y ocho embarazos. El promedio de la pérdida estimada de sangre fue mayor en embarazos AIP con COS-1 que en aquellos con COS-2+ (P = 0,039) o COS-2-(P = 0,01). El promedio de unidades de concentrado de hematíes necesarias durante, o después, de la operación fue mayor en las mujeres con COS-1, en comparación con mujeres con COS-2+ (P = 0,001) y COS-2-(P = 0,029), mientras que no se encontraron diferencias entre los embarazos con COS-2+ y aquellos con COS-2-(P = 0,797). El promedio de la duración de la intervención quirúrgica fue más prolongado en embarazos con AIP con COS-1 que en aquellos con COS-2+ (P = 0,039) o COS-2-(P = 0,017). Finalmente, el parto en embarazos con COS-1 sucedió antes que en aquellos con COS-2+ (P = 0,0001) o COS-2-(P = 0,0001).
Conclusión La evaluación ecográfica en el primer trimestre de la relación entre el saco gestacional ectópico y la línea endometrial (COS) permite identificar a las mujeres con AIP que tienen un mayor riesgo de morbilidad intra y posquirúrgica.
